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S .G. McLinl and G.W. Fuller2

The Hydrologic Engineering Center’s Flood-Hydrograph (HEC-1)
and Water Surface Profile (HEC-2) models--are routinely used to
define floodplain elevation. Unfortunately HEC-2 simulations
require stream channel and floodplain boundary geometries as
input data. This information can be costly if extensive
surveying is required. Detailed topographic data are commonly
available frGG graphic information systems (GIS). These
disjointed technologies can be combined if the GIS system has a
drainage recognition capability. A conceptual procedure is
suggested for incorporating this feature into the GIS framework
so that cross-sectional information can be extracted and exported
to HEC-2. A combined GIS-HEC application in ungaged watersheds
at Los Mamos National Laboratory is described. This floodplain
mapping p~:ocedure uses topographic data from the Labocatary’s
MOSS graphic information system. About 65% of the Laboratory has
twc foot topographic contour interval coverage, while 35% has ten
foot coverage. Targeted stream channel segments are initially
specified in the MOSS system, and topographic profiles along
stream-channel cross-sections are extracted automatically. Each
2-D profile is stored as a 3-D MOSS line feature using New Mexico
State Plane zoordizates. This procedure is initiated at a
convenient downstream locaticn within each watershed, and
proc~eds upstream to a selected termination point. These 3-D
line ieatures are then exported in a format satisfying HEC-2
input data requirements.

H.K-2 utilizes the stream channel geometry extracted from
r4f3ss md HEC-L generated Storm hydrography from selected
locations in the watershed to define the floodplain. The KEC-2
computed water surface elevation at each channel section, along
with the left and right channel stations where this water surface
intersects the ground, are read back into the MOSS aystom. These
paired station locatlons are then converted to unique
geographic:t:Ly referenced coordinates that define the 100-year
fiood-pcr,l. Finally, ad~a : ..it coordinate pairs ● re 1inked
together as MOSS arml ft! ,:ures to identify each watershed
flc)ociplaln. Ir t!’lls .iartlcular application, 13 separate
elongated watersheds t:averse laboratory landa, with indlvLdual
channels ranging up t() 11 miles in length. The IfIO-year
floodplain wag defined on each channel segment at 250 foot
inter”~als, and detailad 1:4800 scaLe maps were generated.

=Y WOblDS: GIS, HEC, Floodplain AnalysQs

‘Los Alamos National Laboratory, Las Alamos, NM 87545
2AuLome?c-rLc, Inc,, Lakmwood, (:J. 80228-2214



INTRODUCTION

The Los Alamos National Laboratory was established in 1943
as a research and development facility committed to physical,
biox?.edical, and environmental study. Although the Laboratory has
maintained a comprehensive environmental monitoring program since
1949, it became a Resource Canserva*.ion and Recovery Act (RC~)
permitted facility in 1990. The U50 Environmental Protectiorl
Agency (EFA) has stipulated that these waste treatment, storage,
and disposal facilities must delineate all 100-year floodplain
elevations within their boundaries . Floodplain mapping
procedures must be eq!livaler,t to those used for the Federal
Insura~,ce Administration. P=ior to this RCRA permit condition,
floodplain boundary locatic:,s had never been systematically
mapped wlthln the Laboratory compiex. This RCRA permit
requirement was addressed by application of the computer based
Flood Hydrography Fackage (HEC-1) and the Water Surface Profiles
Package (HEC-2), developed by the Hydrologic Engineering Center
of the U.S. Army Corps of Engineers (COE, 199(I and 1982) . These
techniques are well documented and routinely used for floodplain
analyses in ungaged watersheds (for exampie, see Viessman, et
al., 1977; or Hoggan, 1989) . Unfortunately, HEC-2 simulations
rquize stzeam channel and floodplain boundary geometries as
input data. This information can be costly if traditional field
surveying is required. However detailed t~.pographic information
“s conum)r~lyavailable in digital form.: These distinctly separate
technologies can be merged if the GIS system has a d.ramage
recognition capability.

The floodplain mapping procedure outlined here used
topographic data from the Laboratory’s MOSS database. About 65?
of the Laboratory has two foot topographic contour interval
coverage, while 35% has 10 foot coverage. The Laboratory is
located in north--e(itra1 New Mexico about 60 miles north-
northeast of Albuquerque, and 25 mxles r~orthwest of Santa Fe.
Los Aiamos has a semiarid, temperate mountain climate. This 43
square mzle facility is situated on Pajarito Plateau between the
Jeme: Mountains on the west and the Rio Grande Valley to the
east . The Flateau slopes toward the southeast for more than 1S
relies, where At t-rmlnates aiong the Rxo Grande at White Rock
Canyon . Alt~tudgs range fr~m 7,800 feet above sea level along
the western facxllty margin to about 6,200 feet at the canyon
rim. The Plateau 1s dlssecte+ by a system of ungaged watersheds
WLt.h ephemeral stream draLnggn. These watersheds are elongated
Ln the 9a3t-we9t direction a;3n7 Pajarlto Plateau, and are
Sxtremeiy narrow in the north-go!lth dlr~ctlon. Jill total, there
ar~ L2 geparate watez:~heds ,ir~lnlng Laboratory lands that contain
~>.f~r ::(1 ,:hannel miles re~llr:r,r floodplain ~ef],nLtL~nm Thegn
f:l>oipirllns w~~~ def ~ned a~ .;:1) to.>t” Lnt9r*7aLs ug Lnq MC)55
r:)(’:‘?Yr”lpt-.L- i.1t.1. C)bw;~>ll~i’,’, till.? LPS:P1 of de?ailed mapplnq
wol.~j ha”:e baOn C’-)St.prnhik 1- :“:0 Lf conw9nt Lonal Sllr”:=iylnq

Ee:),,n A ~uqn ha,l bw?n empl,~y~ 1. ‘rh-:lq floudpLaLn bouncia:y maps
Wli. ~-:e:;”’:a::.~pro’::ll~ a f .IIhiI? ; n f~r contaminated 3edLment



transport simulations required under U.S. Department of Energy
site performance assessment criteria.

GIS DATA EXTRACTION METHODOLOGY

Integrating graphic information system (GIS) databases with
hydrologic models suggests many exciting ~ssih=lities. Recently
automated Techniques have been developed to extract important
features from digital elevation models (Jensen, 1989) . Some of
these extracted features include watershed boundaries, drainage
networks, and connectivity re~ationships. For the surface water
hydrologist, perhaps one of the greatest needs is the ability to
automatically extract stream channel cross-sectional geometries
in digital form. This paper describes ~, application of
floodplain modeling in complex terrain using Moss extracted

topographic data.

The successful marriage of modern GIS databases and
hydrologic models is still an emerging technology. Most federal,
and many State, facilities already have significant GIS
topographic coverage. Hence the concepts presented here should
be widely applicable. However, most GIS systems lack a drainage
recognition capability. In other words, these systems lack the
necessary software support that can uniquely and independently
define a random gravity drainage pathway for a given topographic
surface once a starting point has been specified. The MOSS
system at the Laboratory is certainly no exception. Our solution
to this problem was quite direct. We identified all major strea:n
channels within the Laboratory complex on 7.5 minute USGS
topographic maps. These channel locations were then digitized
and entered into a MOSS file with the channel name as an
attribute . These channel location files &hen became the system’s
drainage recognition mechanism. These Cargeted stream channel
segmer.ts were segregated within MOSS into cross-section intervals
so that tomographic profiles could be autom<~tically extracted.
Each 2-D topographic profile was storad as a 3-CJ M(3SS line
feature using New Mexico State Flane coordinates. This procedure
was initiated at the intersection of the eastern facility
boundary and each watershed stream channel, and proceeded
upstream to the western facillty boundary. These 3-D line
feat~res were then exported from MOSS in an ASCII format
satisfying HEC-2 input data re~irementYe

In order to transport MCSS tcpograp,’l~cdata to a HEC-2 input
data file, a series of user act~vated steps ia performed on
exlst~ng and derived MCJSS data sets. These existing data sets
Include topographic contour and stream channel J.ocatlon files.
Deri*md data sets inciude extracted topographic profiles at
stream crc)ss-sections, and the Lmported maps produced trom these
profiles. Once a HEC-2 watershed simulation has been completed,
then floodplain elevations and sta~~or. coordinates are read back
Lp,tc) Mflj~~ ‘l’he HEC-2 oukput fk!.e name must correspond to the
orlgln~l MOSS data ext.rat+ ~rn output. file, and the Indlvldtlal



stream channel cross-sections in both files must be identical~y
xumbezed. This scheme enables MOSS to geographically reference
HEC-2 floodplain coordinates with known ~ench marks using a MOSS
data reformatting p:ogram. Automated topographic data

extraction, file generator and reformatting, and floodplain
reinsertion programs were developed by the second author to
complete these tasks. Documentation for these MOSS program
procedures is listed in McLin (1991) . :

Actual floodplain hydrology simulations were performed on a
PC-type microcomputer using HEC-1 ar.dHEC-Z, developed by the COE
Hydrologic Engineering Center in Davis, California. These event
simulation models are recognized by the EPA and others as state-
of-the-ati techniques for ungaged watersheds. HEC-1 simulates
either real or hypothetical storm hydrography at selected channel
locations within each ungaged or gaged watershed in response to
user specified rainfall hyetographs. This information, along
with the stream channel geometry extracted from the MOSS system?
was then utilized by HEC-2 to define each floodplain. This
approach employed the 100-year, 6-hour design storm event for Los
Allamos, and the familiar synthetic unit hydrography technique.
However, alternative floodplain elevations produced by different
storm events may also be easily computed.

Figures 1 and 2 show the HEc-1 100-year and 2-year

hydrography peaks, respectively, for ali channeis crossing the
downstream facility boundary. These figures also show

corresponding hydrography peaks produced from an empirical USGS
technique (Waltemeyer, 1986) for comparison. The USGS approach
consistently yields higher peak flows than HEC-1. The reason for
these differences is centered on the storm pattern incorporated
int~ each technique, and the fact that the HEc-1 model
theoretically simulates the rainfall-runoff process more
realzstlcally.

HEC-2 ~alculate~ and plots water surface profiles for
subcritical, crxtical, and supercritical gradually varied sk~)~dy

fiows in channels using a standard step numerical method to So::-e

the 6ernoulLi equation. Many channel segments may have mixed
flow regimes, characterized by sub- and supercritical flows! that
occur simultaneously In different parts of a a~ngle c!ross-
s~ct~on, @r Ln ad~acent cross-sections , Here, separate HEC-2
simulations must be made for each flow condition to determj.:w ~.he
complet5 water surface prof~ie. The Moss data extraction
pzoc9dure described ato-:e WL1l generate separate HEC-2 inplt data
f:le~ LO simulate these mlx~d fiow reg~mes,



explored once a GIS database i.as been accessed. For example,
hydrologists hal-e typically recommended that HEC-2 channel cross-
sec=ions be optimally located to reduce surveying costs .
Generally these sections are placed anywhere from 1,000 to 10,000
feet apart, depending on tributary inflows and changes in channel
slope. Access to GIS c=nss-sectional data removes this
artificial constraint . Hence we were able to evaluate the
influence 02 cross-sectional separation ‘distance on predicted
floodplain boundaries by making repeated HEC-2 simulations.
Cross-sectional intenals were systematically varied between 250,
500, 1000 and 2000 feet, respectively. Figure 3 shows tke HEC-2
predicted 100-year floodplain top width-to-depth ratio for the
250 and 2000 foot section simulations in Los Alamos Canyon, while
Figure 4 shows the cumulative floo&plain areas for each of these

model configu’:ations. These results suggest that closer cross-
sectionai spacing generally yields somewhat wider computed
floodplain boundaries. Obviously there is a point of diminishing
returns where h“id=ologic mcdeling assumptions and inaccuracies
inherent to the rainfall-runoff process will overwhelm continued
improvements in channel geometry definition. At Los Alamos, a
separation distulce between 250 and 500 feet seems adequate for
this part~cular application.

Withaut GIS extracted topographic profiles, a detailed
hydraulic characterization of the channel is not practical. For
example, ~~gure 5 shows unit stream power associated with the

100-year hydrography peak aiong Los Alamos Canyon as a function of
the energy slope/Froude number ratio. When correlated with
particle qzain size distrzbut~ons, this information may suggest
important sediment transport relationships. A second example is
shown in Figure 6, which depxcts mean channel water velocity
along Los Alamos Canyon.

CONCLUSIONS

The Labo.rat5ry’s MOSS graph~c information system was used in
this study to define all topographic profiles for HEC-2 stream
channel cross-sect:ons at 250 foot intervals. These data were
automatically extracted from the MOSS system in an ASCII format
compatible with HEC-2 input data requirements. Approximately 65?
Gf the facility has two foot topographic contour data, and 35+
has lG foot data. Wce the floodplain boundaries had been
defined for all ma]or watershed channels using the HEc-2 model,
then this information was read tack into the MOSS system and
detailed maps were generated. ThAs procedure is recognized as a
state-f2f-tPLe-art techn~que An unqaqed watersheds, and fully
sat~sfles the P“:PA permxt c9ndlt.lon requlrlng flaodpldln
deflnlticn.



for the entire facility. Hence comparisons of floodplain
simulations using two, 10, or 20 foot topographic contour
interval data will be possible. These efforts may suggest a
methodology to characterize errors in floodplain boundary
locations resulting from profiles constructed with different
topographic contour data sets.

Finally it should be noted that criticism of the rainfall-
runoff event simulation approach used by HEC-1 centers on the
design assumption that rainfall of a given frequency results in
runoff of the same frequency. Continuous rainfall-runoff
simulation models calibrated to specific gaged watersheds may
represent an improvement over the HEC-1 and HEC-2 modeling
procedures employed in this study. However extension of these
research models to ungaged watersheds has not been adequately
documented in the literature. Until the dynamic nature of the
rainfall-nnoff process is better understood, HEC-1 and .HEC-2
will continue to represent the best available technology for
floodplain definition in ungaged watersheds. Combining these
models with GIS data certainly represents an advancement in their
continued use.
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Fig. 1. Drainage basin area versus 100-year peak discharge at
the eastern facil~ty boundary.
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Fig. 2. Drainage basin area versus 2!-year peak discharge at the
eastern faclllty boundary,



10’

1
LOS AL4MOS CANYON ABOVE EASTERN IJ4NL BOUNDARY

TIONS
TIONS

1 T , , 1 , i , , I r , I , 1 1 , 1 , r , 1 1 r , 1 r I I , , * i r , r 1 1 I 1 I I i r I f

o 2 4 6 8
UPSTREAM CHANNEL DISTANCE (miles)

G

Fig. 3. Floodplain width-to-depth ratio for Los A.lames Canyon.
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Cumulative floodplairl area in Los Alamos Canyon.
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Fig. 5. Eneqy slope /Froude number ratio as a function of unit
stream power for Los Alamos Canyon.
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Fig. 6. Predicted channel water velocity during a 100-year
flood in Los Alamos Canyon.


